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57 ABSTRACT 
An amplifier is arranged with an actively clamped load. 
In a differential amplifier, a pair of emitter-coupled 
transistors has loads connected between the collectors 
and a voltage supply. Separate clamping transistors 
have their collector-emitter paths connected across 
respective ones of the loads. A clamping control circuit, 
responsive to an input signal, produces a variable con 
trol signal to clamp output signal swings across the 
loads. A similar clamping control circuit can be used 
with a single-ended amplifier. Such an amplifier having 
an actively clamped load is useful in sense amplifier 
circuit arrangements in semiconductor memory ar 
rangements used in data processing systems. 

19 Claims, 6 Drawing Sheets 
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AMPLFER WITH ACTIVELY CLAMPED LOAD 

FIELD OF THE INVENTION 

This invention relates to an amplifier with a clamped 
load. 

BACKGROUND OF THE INVENTION 

A conventional bipolar semiconductor differential 
amplifier includes a matched pair of loads (active or 
passive) connected between the collector electrodes of 
a pair of emitter coupled transistors and the supply 
voltage. A current source is connected between the 
common emitters of the pair of transistors and ground 
reference. Input signals are applied to the base elec 
trodes of the pair of transistors, and output signals are 
taken from the collector electrodes. In a semiconductor 
memory system, the inputs originate from signals that 
occur on bit lines of an array of memory cells. 

During operation, when the emitter current source is 
enabled, the differential input signals cause one transis 
tor of the pair to increase conduction and the other to 
decrease conduction. As a detector in a digital system, 
such as a semiconductor memory system, the conduct 
ing transistor conducts all of the emitter current and the 
other is cutoff. 

It is desirable to design the differential amplifier to 
operate very fast, i.e., to switch states very rapidly. 
Input differential signals are applied through a D.C. 
voltage shifter to the gate electrodes of the pair of tran 
sistors of the differential amplifier. In an effort to speed 
up operation, designers have increased the gain of the 
circuit by increasing the load, e.g., by increasing the 
value of the load resistance. Gain is proportional to the 
value of the load. The increased load causes large volt 
age swings at the collector output terminals and can 
cause the amplifier circuit to go into saturation. If the 
amplifier circuit goes into saturation, it slows down and 
also may latch-up. 
To avoid excessive collector voltage swings, the 

collector electrodes have been clamped by diode con 
nected transistors positioned across the loads of the 
differential pair of transistors. If a single diode con 
nected transistor is used on each side of the differential 
pair, the swing of the collector voltage is limited to a 
single diode voltage drop. If two diode-connected tran 
sistors are connected in series across the load on each 
side of the differential amplifier, the swing of the collec 
tor voltage is limited to two diode voltage drops. By 
thus clamping the collector voltage, the differential 
amplifier output signal swings are a fixed value for large 
loads. Since clamping is determined by the supply volt 
age that is local to the collectors of the differential 
amplifier, there is no clamp voltage tacking of the varia 
tions in either the D.C. voltage level or the A.C. signal 
strength of the input differential signal that is applied to 
the base electrodes of the differential amplifier. To safe 
guard against this drawback, one has to either severely 
limit the gain of the differential amplifier by using small 
loads and slow speed or run the risk of forward-biasing 
the base to collector junctions of the transistors of the 
differential amplifier and possible latch-up. 
The problem is to design a differential amplifier cir 

cuit that operates very fast with either a high voltage or 
a low voltage collector supply. The circuit should not 
be slow when installed with a low voltage supply nor 
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2 
driven into saturation or caused to latch-up when in 
stalled with a high voltage supply. 

This problem is not unique to a differential amplifier. 
A single-ended input/output amplifier is confronted by 
the same problem. 

SUMMARY OF THE INVENTION 

These problems and others are resolved by a differen 
tial amplifier arrangement including first and second 
emitter-coupled transistors and an emitter current 
source. First and second loads are connected between 
the respective collector electrodes of the first and sec 
ond transistors and a voltage supply. First and second 
clamping transistors, each has its collector-emitter path 
connected across a respective one of the loads. A 
clamping control circuit, responsive to an input signal, 
produces and applies variable control signals to base 
electrodes of the first and second clamping transistors 
for clamping output signal swings across the first and 
second loads. 

Similarly a single-ended amplifier arrangement in 
cludes a first transistor having an emitter electrode 
coupled through a current source to a reference poten 
tial. A load is connected between a collector electrode 
of the first transistor and a voltage supply. A clamping 
transistor has a collector emitter path connected across 
the load. A clamping control circuit, responsive to an 
input signal, produces and applies a variable control 
signal to a base electrode of the clamping transistor for 
clamping output signal swings across the load. 
A data processing system incorporates a data proces 

sor interconnected with a memory by way of an address 
bus, a data bus, and a control bus. The memory includes 
a sense amplifier arranged with an actively clamped 
load that is responsive to changes in the D.C. voltage 
level and the magnitude of the signal on an associated 
bit line or bit lines from the memory. 

BRIEF DESCRIPTION OF THE DRAWING 
A better understanding of the invention may be de 

rived by reading the subsequent detailed description 
with reference to the drawing wherein: 

FIG. 1 is a schematic diagram of a differential ampli 
fier circuit; 
FIG. 2 shows operating curves of the circuit of FIG. 

1 when it has a large load and is connected to a low 
voltage supply; 
FIG.3 shows operating curves of the circuit of FIG. 

1 when it has a large load and is connected to a high 
voltage supply; 

FIG. 4 is a schematic diagram of a prior art differen 
tial amplifier circuit having two diodes in a series circuit 
for clamping output signals; 

FIG. 5 shows operating curves of the prior art circuit 
of FIG. 4 when it has a large load and is connected to 
a high voltage supply; 

FIG. 6 shows operating curves of the prior art circuit 
of FIG. 4 when it has a large load and is connected to 
a low voltage supply; 
FIG.7 shows operating curves of the prior art circuit 

of FIG. 4 when it has a small load and is connected to 
a high voltage supply; 
FIG. 8 shows operating curves of the prior art circuit 

of FIG. 4 when it has a small load and is connected to 
a low voltage supply; 

FIG. 9 is a block diagram of a data processor system 
using a memory including an actively clamped sense 
amplifier; and 
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FIG. 10 is a block diagram of another data processor 
system using a memory including an actively clamped 
sense amplifier. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, there is shown an actively 
clamped differential amplifier 20 that includes a 
matched pair of emitter-coupled NPN bipolar transis 
tors 22 and 24, the emitters of which are connected to a 
current source 25. The current source 25 also connects 
with ground reference potential. When enabled, the 
current source 25 assures a consistent magnitude of 
current is supplied to the emitters of the transistors 22 
and 24. Load resistors 32 and 34 are connected between 
the collector electrodes of the respective transistors 22 
and 24 and a collector supply voltage Vc. Input signals 
are applied to the differential amplifier 20 at input termi 
nals IN and IN and through intervening circuitry to the 
base electrodes 36 and 38 of the transistors 22 and 24. 
Output signals for the differential amplifier are pro 
duced at the output terminals OUT and OUT connected 
to the collector electrodes 42 and 44 of the respective 
transistors 22 and 24. 

Special active clamping circuits 50 and 51 are used 
for clamping swings of voltage across both load resis 
tors 32 and 34 to values that depend upon the D.C. 
supply voltage level and the magnitude of the signal 
produced by a preceding circuit (not shown) and upon 
the collector supply voltage Vcc of the differential am 
plifier 20. In the active clamping circuit 50, an NPN 
clamping transistor 52 has its collector electrode 56 
connected to the collector supply voltage Vcc and its 
emitter electrode 57 connected to the collector elec 
trode of the NPN transistor 22. A clamping control 
signal is applied from a voltage splitter circuit 62 by 
way of a lead 61 to the base electrode 63 of the NPN 
clamping transistor 52. Similarly, in the active clamping 
circuit 51, the collector electrode 58 and emitter elec 
trode 59 of another clamping transistor 54 are con 
nected, respectively, to the collector supply voltage 
V and to the collector electrode of the NPN transistor 
24. A clamping control signal is applied from another 
voltage splitter circuit 64 by way of a lead 65 to the base 
electrode 66 of the NPN clamping transistor 54. 
The differential input signals, applied to the input 

terminals IN and IN of the actively clamped differential 
amplifier, are coupled through voltage splitter circuits 
62 and 64 to the base electrodes 63 and 66 of the clamp 
ing transistors 52 and 54 and to the base electrodes 36 
and 38 of the NPN transistors 22 and 24. The source of 
input signals may be characterized either as a relatively 
high capacitance source, such as long bit lines in a ran 
dom access semiconductor memory, or a relatively low 
capacitance source. For either of the aforementioned 
input signal sources, the supply voltage level may be 
any value in a relatively wide range, such as four volts 
to six volts. Differential input signals applied to the 
input terminals IN and IN of the actively clamped dif. 
ferential amplifier 20 and representing true and comple 
ment logic signals, may be in a range from 100 millivolts 
to 200 millivolts. Thus, the input signals applied to the 
input terminals IN and IN may vary by both their D.C. 
voltage level and the differential voltage range depend 
ing upon the environment and circumstances where the 
differential amplifier 20 is used. 
As a result of the possible variations of the input 

signals, the voltage splitter circuits 62 and 64 produce 
variable clamping control signals on the leads 61 and 65. 
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4. 
The variable clamping control signals may have varia 
tions both in D.C. voltage level and in the differential 
voltage range. In response to both types of variations of 
the clamping control signals, the operation of the differ 
ential amplifier 20 is improved with respect to previ 
ously known clamped differential amplifier arrange 
ments. 

Next we shall describe the operation of the actively 
clamped differential amplifier of FIG. 1. When a signal 
ENABLE is a low level, the circuit arrangement is 
disabled because there is no emitter circuit current for 
the pair of emitter-coupled transistors 22 and 24 and 
because both voltage splitter circuits 62 and 64 are dis 
abled. The differential amplifier is enabled when the 
signal ENABLE is high allowing conduction from the 
supply voltage V through both the voltage splitter 
circuits 62 and 64 to the ground reference and through 
the differential pair and the current source 25 to ground 
reference. When the voltage splitter circuits 62 and 64 
are enabled and current is conducted through them, the 
variable clamping control signals on the leads 61 and 65 
will be one diode voltage drop below the input signals 
on the input terminals IN and IN, respectively. 
With the circuit arrangement enabled, the input sig 

nals on the input terminals IN and IN control operation 
of the differential pair of transistors 22 and 24. Because 
the voltage splitter circuits are enabled, the voltages on 
the nodes 70 and 71 are two diode voltage drops below 
the input signals on the input terminals IN and IN, 
respectively. Since the input signals are complemen 
tary, the transistors 22 and 24 conduct alternatively. 
Turn-on and turn-off signals from nodes 70 and 71 of 
the voltage splitter circuits are applied, respectively, to 
the base electrodes 36 and 38 of the transistors 22 and 
24. The turn-on signal is, for example, a high level volt 
age of the input signal on the input terminal IN. A com 
plementary low level voltage input signal, which con 
currently occurs on the input terminal IN, keeps the 
transitor 24 turned off. 

Referring now to FIG. 2, there are shown some oper 
ating curves for the circuit arrangement of FIG. 1 oper 
ating with a relatively low supply voltage approximat 
ing 4.2 volts. The curves show operation with respect to 
the transistor 22 being initially turned off and then 
turned on by the applied input signals. Input signals 101 
and 102, respectively, are applied to the input terminals 
IN and IN. Their final steady state differential voltage is 
approximately 150 millivolts. Clamping control signals 
105 and 106 occur on leads 61 and 65, respectively, and 
are at one diode voltage drop below the input signals 
101 and 102. Turn-on and turn-off signals 107 and 108 
are one diode voltage drop below the signals 105 and 
106 and are applied to the base electrodes 36 and 38, 
respectively. Output signals 111 and 112 are produced 
on terminals and OUT, respectively. It is noted 
that output signal 111, on the collector of the NPN 
transistor 22, effectively reaches a low level which is 
near the low level of the signal 107 applied to the base 
of the NPN transistor 22. Since these voltages are near 
the same level, there is little or no risk of forward-bias 
ing the base collector junction of the transistor 22 or of 
latch-up of the circuit when the transistor 22 is turned 
on. Although it is not shown, similar operating curves 
apply to the circuit when the transistor 24 is turned on 
and the transistor 22 is turned off. Identification numer 
als change accordingly for the operating curves. 

Referring now to FIG. 3, there are shown operating 
curves for the circuit of FIG. 1 operating with a supply 



5,206,550 
5 

voltage of approximately 6.2 volts. Again transistor 22 
initially is turned off and then is turned on. Input signals 
121 and 122 are applied to input terminals IN and IN. 
Their final steady state differential voltage is approxi 
mately 200 millivolts. Clamping control signals 125 and 
126, on leads 61 and 65, are one diode voltage drop 
below the input signals 121 and 122 and are one diode 
voltage drop above the turn-on and turn-off signals 127 
and 128, respectively. Output signals 131 and 132 are 
produced on terminals OUT and OUT, respectively. It 
is noted that output signal 131, on the collector elec 
trode of the NPN transistor 22, effectively reaches a 
low level which is near the low level of the signal 127 
applied to the base electrode of NPN transistor 22. 
There is little or no risk of substantially forward-biasing 
the base-collector junction of the transistor 22 or of 
latch-up of the circuit when the transistor 22 is turned 
O. 

With respect to the circuit operations represented by 
the operating curves presented in FIGS. 2 and 3, the 
following characteristics are readily apparent. Changes 
in the magnitude of the input differential voltage cause 
similar changes in the magnitude of the clamping con 
trol differential voltage applied between the leads 61 
and 65. Similarly changes in the d.c. level of the input 
signals cause changes in the d.c. levels of the clamping 
control signals on the leads 61 and 65. As a result, the 
output differential voltage is relatively consistent re 
gardless o the changes of input differential voltage or of 
the input signal level. A large output differential voltage 
for operating any subsequent stage (not shown) is avail 
able by 4.5 nsec in each of the FIGS. 2 and 3. Fast 
operation is assured under the wide variations of input 
signal conditions presented. 

Referring now to FIG. 4, there is shown a prior art 
clamped differential amplifier 150 including a pair of 
NPN transistors 152 and 154 connected with load resis 
tors and a common emitter current source. For the 
transistor 152, two diode-connected transistors 156 and 
158, connected in series, clamp swings of the output 
voltage on output terminal OUT at a level that is two 
diode voltage drops below the level of the supply volt 
age Vcc Similarly diode-connected transistors 162 and 
164 clamp swings of output voltage on the output termi 
nal OUT at two diode voltage drops below the supply 
voltage Vcc Complementary input signals on input 
terminals IN and IN are applied through voltage shifter 
circuits 166 and 168 to the base electrodes of the NPN 
transistors 152 and 154, respectively. An enabling signal 
is applied to the terminal ENABLE. Corresponding 
complementary output signals are produced at output 
terminals OUT and OUT. Exemplary operating signals 
are shown in FIGS. 5 through 8. 

Referring now to FIG. 5, there are shown operating 
curves for the circuit of FIG. 4 operating with load 
resistors equal to the load resistors used in the arrange 
ment of FIG. 1 for producing the operating curves of 
FIGS. 2 and 3 with a supply voltage of approximately 
6.2 volts. Input signals 181 and 182 are applied to input 
terminals IN and IN, respectively, of FIG. 4. Their 
steady state differential voltage is approximately 200 
millivolts. Output signals 191 and 192 are produced on 
terminals OUT and OUT, respectively. There are no 
clamping control signals, but the low level output signal 
is clamped at approximately two diode voltage drops 
below the supply voltage V. Differential signals, ap 
plied to the base electrodes of the NPN transistors 152 
and 154, are signals 187 and 188 which are at approxi 
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6 
mately two diode voltage drops below the input signals 
181 and 182, respectively. It is noted that output signal 
191, on the collector electrode of the NPN transistor 
152, effectively reaches a low level which is substan 
tially below the low level of the signal 187 applied to 
the base electrode of the NPN transistor 152. The volt 
age difference may be some 400-800 millivolts of for 
ward bias that creates a substantial risk of latch-up of 
the circuit. If there is no saturation and/or latch-up, the 
circuit operates approximately as fast as the arrange 
ment of FIG. 1. 
Referring now to FIG. 6, there are shown operating 

curves for the circuit of FIG. 4 operating with the large 
load resistors used for producing the curves of FIGS. 2, 
3 and 5 but with a supply voltage V of approximately 
4.2 volts. Input signals 20 and 202 are applied to the 
input terminals IN and IN, respectively, of FIG. 4. 
Their steady state differential voltage is approximately 
150 millivolts. Output signals 203 and 204 occur on 
terminals OUT and OUT, respectively. There are no 
clamping control signals, but the low level output signal 
is clamped at approximately two diode voltage drops 
below the supply voltage Vc. The differential signals, 
applied to the base electrodes of the transistors 152 and 
154, are signals 207 and 208 at approximately two diode 
voltage drops below the input signals 201 and 202, re 
spectively. Output signal 203, on the collector electrode 
of the NPN transistor 152, effectively reaches a low 
level that is substantially below the low level of the 
signal 207 on the base electrode of the transistor 152. 
This voltage may be some 400-800 millivolts of forward 
bias on the base-collector junction of the transistor 152, 
thereby creating a substantial risk of saturation and/or 
latch up of the circuit. Because of the lower supply 
voltage, the output differential signal achieves a large 
difference much later than the circuit operations pres 
ented in FIGS. 2, 3, and 5. 

In the prior art to avoid the possibility of latch-up of 
the circuit, designers have used a small load to assure 
that the steady state low output signal level is approxi 
mately equal to the high input signal level applied to the 
enabled transistor 152. FIGS. 7 and 8 present operating 
curves for the prior art circuit of FIG. 4 with load 
resistances equal to approximately one-half of the load 
resistances used for the circuit arrangement which pro 
duced the curves of FIGS. 5 and 6. 

Referring now to FIG. 7, there are shown operating 
curves for the circuit of FIG. 4 operating with load 
resistances equal to approximately one-half of the resis 
tances of the loads used in the arrangements for produc 
ing the operating curves presented in FIGS. 2, 3, 5, and 
6. Supply voltage is approximately 6.2 volts. Numerical 
designators for the curves of FIG. 5 are reused in FIG. 
7 where comparable signals occur at the same circuit 
locations. Input signals 181 and 182 are applied to input 
terminals IN and IN. Their steady state differential 
voltage is approximately 200 millivolts. Output signals 
211 and 192 are produced on terminals OUT and OUT, 
respectively. It is noted that output signal 211, on the 
collector electrode of the transistor 152, has a steady 
low state that is approximately the same as the low level 
of signal 187 applied to the base electrode of NPN tran 
sistor 152. Although the risk of forward-biasing the 
base-collector junction and latch up is low, the output 
signals 211 and 192 reach their steady state differential 
values much slower than the arrangement with the 
larger load resistors (output signal curves of FIG. 5). 



5,206,550 
7 

Referring now to FIG. 8, there are shown operating 
curves for the circuit of FIG. 4 operating with load 
resistances, as used to produce the curves of FIG. 7. 
Supply voltage is approximately 4.2 volts. Numerical 
designators for the curves of FIG. 8 are the same as 
used in FIG. 6 except where signals are not similar. 
Input signals 201 and 202 are applied to the input termi 
nals IN and IN. Their steady state differential voltage is 
approximately 150 millivolts. Output signals 213 and 
204 are produced on the terminals OUT and OUT, 
respectively. The output signal 213, on the collector 
electrode of the NPN transistor 152, has a steady state 
low level that is so far above the signal 207, which is 
applied to the base electrode of the transistor 152, that 
there is no concern of latch up of the circuit. On the 
other hand, the load resistance is so small that the volt 
age drop across the load levels out at the relatively high 
steady state voltage because of the limit of the emitter 
current. The diode-connected transistors 156 and 158 
are not forward biased enough to conduct. It is noted 
that the steady state differential output voltage, be 
tween the output signals 213 and 204, is a considerably 
smaller voltage than that available in the operations 
presented in FIGS. 2, 3, 5, 6 and 7. Also the steady state 
differential output occurs later than the steady state 
differential output signals in the other operations just 
mentioned. 

It is noted that no such slow down occurs with re 
spect to the arrangement of FIG. 1 with the operating 
curves shown in FIGS. 2 and 3. The exemplary varia 
tions of supply voltage and input differential signal 
make no substantial difference in the operating speed of 
applicant's arrangement of FIG.1. The active clamping 
arrangement produces variable clamping control sig 
nals, which clamp the output signal in response to the 
combination of the applied input differential signal and 
the level of the input supply voltage. 

Heretofore in this description, the examples of the 
actively clamped amplifier are presented as differential 
amplifiers. It is clear, however, from the foregoing 
description that the actively clamped amplifier can be 
configured as a single-ended amplifier to produce the 
operating curves of FIGS. 2 and 3. The principle differ 
ence is that a single-ended signal is applied to the input 
terminal and a single ended output signal is produced at 
the output terminal. 

Referring now to FIG. 9, there is shown a data pro 
cessing system, including a data processor 300, which is 
interconnected by way of an address bus 302, a data bus 
304, and a control bus 306 with a memory arrangement 
310. During operation of the data processor 300, data 
are accessed from a memory array 312 and appear on a 
pair of complementary bit lines B and B. Those bit lines 
are considered to be fairly long and to have a relatively 
large effective capacitance. They are, for exemplary 
purposes, pre-amplified in a pre-amplifier 315 and then 
applied to an actively clamped differential amplifier 
317, arranged in accordance with the arrangement of 
FIG. 1. The pre-amplifier 315 serves to decouple the 
large capacitance of the bit lines from the input to the 
actively clamped differential amplifier 317. The differ 
ential output signal from the actively clamped differen 
tial amplifier 317 thereafter is applied to a driver circuit 
319 before being transmitted through the data bus 304 to 
the data processor 300. Because of the advantageous 
arrangement of the actively clamped differential ampli 
fier 317, the preamplifier 315 may operate at a relatively 
low power supply voltage and produce a relatively low 
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8 
differential voltage output signal. The actively clamped 
differential amplifier 317 responds to the weak differen 
tial signal or to a strong differential signal and quickly 
produces a large differential voltage output signal for 
application to the driver circuit 319. A steady state 
differential voltage output signal is produced very rap 
idly with consistent differential voltage so that the 
driver circuit 319 can respond very quickly. 

Referring now to FIG. 10, there is shown a data 
processing system including the data processor 300 that 
is interconnected by the address bus 302, the data bus 
304, and the control bus 306 with a memory arrange 
ment 320. Bitlines B and B from the memory array 312 
are considered to have much less capacitance than for 
the arrangement of FIG.9. Consequently, the bit lines B 
and B are directly connected to the input terminals of 
the actively clamped differential amplifier 317, which is 
arranged in accordance with the circuit arrangement of 
FIG. 1. The output differential signal produced by the 
differential amplifier 317 has sufficient differential volt 
age and a fast enough speed so that the output signal is 
transmitted directly on the data bus 304 to the data 
processor 300. 
The foregoing describes some embodiments of the 

invention. Those embodiments together with other 
embodiments made obvious in view thereof fall within 
the scope of the appended claims. 
What is claimed is: 
1. A differential amplifier comprising: 
first and second emitter-coupled transistors; 
a current source connected between the emitters of 

the first and second emitter-coupled transistors and 
a reference potential; 

first and second loads are connected between the 
respective collector electrodes of the first and sec 
ond emitter-coupled transistors and a voltage sup 
ply; 

first and second clamping transistors, each has its 
collector–emitter path connected across a respec 
tive one of the loads; and 

a clamping control circuit, responsive to an input 
signal, for producing and applying to base elec 
trodes of the first and second clamping transistors 
variable control signals to clamp output signal 
swings at various levels across the first and second 
loads. 

2. A differential amplifier, in accordance with claim 
1, wherein the clamping control circuit comprises 

first and second voltage divider circuits; and 
connections for applying to control electrodes of the 

first and second clamping transistors, respectively, 
voltages intermediate the end voltages of the first 
and second voltage divider circuits. 

3. A differential amplifier, in accordance with claim 
1, wherein the clamping control circuit comprises 

first and second voltage shifter circuits; and 
connections for applying to control electrodes of the 

first and second clamping transistors, respectively, 
voltages intermediate the end voltages of the first 
and second voltage shifter circuits. 

4. A differential amplifier, in accordance with claim 
3, wherein the clamping control circuit further com 
prises: 
a diode connected between each input terminal of the 

differential amplifier and a control terminal of the 
respective one of the first or second clamping tran 
sistors; and 
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plural diodes connected in a series circuit between 
each input terminal of the differential amplifier and 
the control terminal of the respective one of the 
first or second emitter-coupled transistors. 

5. A differential amplifier, in accordance with claim 
1, wherein 

the control signals change with the D.C. voltage 
level of the input signal. 

6. A differential amplifier, in accordance with claim 
1, wherein 

the control signals vary with the magnitude of the 
input signal. 

7. A differential amplifier, in accordance with claim 
6, wherein 

the control signals change with the D.C. level of the 
input signal. 

8. A differential amplifier, in accordance with claim 
7, wherein 

output signal swings are clamped at different levels in 
response to the differences in the control signals. 

9. A differential amplifier, in accordance with claim 
8, wherein 

output signal swings are clamped to different levels in 
response to changes in the D.C. level and the mag 
nitude of the input signal. 

10. A differential amplifier, in accordance with claim 
1, wherein the first and second transistors are a matched 
pair. 

11. An amplifier comprising: 
a first transistor having an emitter electrode coupled 

to a reference potential; 
a load connected between a collector electrode of the 

first transistor and a voltage supply; 
a clamping transistor having a collector-emitter path 

connected across the load; and 
a clamping control circuit, responsive to a D.C. volt 
age level and to a magnitude of an input control 
signal, for producing a variable magnitude control 
signal, applied to a gate electrode of the clamping 
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transistor, to cause signal swings to be clamped at 
various levels across the load. 

12. An amplifier, in accordance with claim 11, 
wherein the clamping control circuit comprises: 

a voltage divider circuit; and 
a connection for applying to a control electrode of 

the clamping transistor voltage intermediate the 
end voltages of the voltage divider circuit. 

13. An amplifier, in accordance with claim 11, 
wherein the clamping control circuit comprises: 

a voltage shifter circuit; and 
a connection for applying to a control electrode of 

the clamping transistor a voltage intermediate the 
end voltages of the voltage shifter circuit. 

14. An amplifier, in accordance with claim 13, 
wherein the clamping control circuit further comprises: 

a diode connected between an input terminal of the 
amplifier and the control terminal of the clamping 
transistor; and 

plural diodes connected in a series circuit between the 
input terminal of the amplifier and the control ter 
minal of the first transistor. 

15. An amplifier, in accordance with claim 11, 
wherein 

the control signal changes with a D.C. level of the 
input signal. 

16. An amplifier, in accordance with claim 11, 
wherein 

the control signal varies with magnitude of the input 
signal. 

17. An amplifier, in accordance with claim 16, 
wherein 

the control signal changes with a D.C. level of the 
input signal. 

18. An amplifier, in accordance with claim 17, 
wherein output signal swings are clamped to the various 
levels in response to differences in the control signal. 

19. An amplifier, in accordance with claim 18, 
wherein output signal swings are clamped to the various 
levels in response to the D.C. level and the magnitude 
of the input signal. 


